Introduction

52
The different morphological, reproductive, and behavioral phenotypes observed in the Apis 53 mellifera queen and worker bee is interesting considering they are genetically identical. Because they 54 possess the same genome yet display these substantial differences, nutritional control mechanisms are 55 thought to be involved in queen-worker differentiation [1] . These mechanisms are related, in part, to 56 nutritional differences present during development. Queen larvae are fed royal jelly throughout 57 development while worker larvae are fed royal jelly for only the first 1-2 days followed by feeding of 58 worker jelly. Both jellies are a mixture of sugars, amino acids, proteins, fatty acids and minerals. The 59 two jellies have significant quantitative differences [2, 3] . Epigenetic control mechanisms are thought to 60 be modulated by nutritional differences present during queen and worker bee development. DNA 61 methylation appears to play an important role in honey bee caste differentiation and its role appears to 62 be tied to nutrition [4] [5] [6] [7] . Another study found that a fatty acid, 10-hydroxy-2E-decenoic acid (10-HDA), 63 present in royal jelly at higher concentrations than in worker jelly reactivated the expression of 64 epigenetically silenced genes in mammalian cells without inhibiting DNA methylation, suggesting 10-65 HDA is a histone deacetylase (HDAC) inhibitor [8] .
66
HDACs comprise an ancient enzyme family found in plants, animals, fungi, archaebacteria and 67 eubacteria [9] . Histone deacetylases (HDACs) catalyze the removal of acetyl groups from Ɛ-acetyl-lysine 68 residues of histones. Histone acetyltransferases (HATs) acetylate lysine residues of histones thereby 69 activating gene expression. Decreased histone acetylation downregulates affected genes and is 70 associated with cancer development [10] . HDAC inhibitors increase histone acetylation and serve as 71 potential cancer therapeutics [11] . There are at least two FDA-approved drugs, vorinostat 72 (suberoylanilide hydroxamic acid or SAHA) and romidepsin, for treatment of cutaneous T-cell lymphoma 73 with several others in clinical trials [12] .
74
There are four classes of HDACs. Class III HDACs are NAD(+)-dependent and are referred to as 75 sirtuins [13] . This class of HDAC share no sequence similarity with class I and II HDACs and use a 76 different catalytic mechanism [14] . Class II HDACs are subclassified as class IIa (HDAC4, -5, -7, and -9) 77 and class IIb (HDAC6 and -10) and are homologs of yeast HDA1 protein [15, 16] 
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The addition of 0.1 μM Zn(II) to 50 nM HDAC3:NCOR2 reduced the observed rate 5-fold ( Figure   177 1), indicating a second Zn(II) binding site that is inhibitory of HDAC3:NCOR2 as observed for HDAC8 [19] 178 and other metalloenzymes [36] [37] [38] . The lack of linearity observed ( Figure 1B (Table 1 ). The KCl dependence of 198 HDAC3:NCOR2 is bell-shaped with maximal deacetylase activity at approximately 10 mM KCl ( Figure 2B ).
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The data in Figure 2B were fit to equation 1 derived from a two-state sequential binding model ( 20.0 6.31 53000 a HDAC3:NCOR2 was assayed as described in the legend of was complicated by an inability of metal chelators (EDTA, dipicolinic acid, and 1,10-phenanthroline) to 242 remove the metal center occupying the active site as isolated. HDAC3:NCOR2 activity was decreased 25-243 50% using higher concentrations of EDTA or 1,10-phenanthroline but this activity was not recovered 244 following reconstitution. Several possible explanations can account for these observations. The metal 245 center is essential to maintain structural integrity of the enzyme and removing it leads to denaturation. [19] . It was also shown in the same study that Zn(II) can inhibit each 263 form of HDAC8. The inhibitory metal binding site on zinc metalloenzymes has been proposed as a 264 potential regulatory mechanism as well [40] . It is interesting to note that the royal jelly fed to queen 265 larvae is significantly higher in zinc content than jelly fed to developing worker bees [3] and the queen is 266 fed royal jelly throughout her life. In addition, the important zinc-binding protein vitellogenin has been 267 positively correlated to high zinc levels, low juvenile hormone, decreased foraging, and longer lifespan in 268
Apis mellifera [41] [42] [43] [44] [45] [46] . Juvenile hormone has also been positively correlated to stress while vitellogenin 269 protects cells from anti-oxidative damage [45, 46] . We hypothesize that there is a link between dietary 
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Royal jelly fed to queen larvae has been shown to contain significantly higher concentrations of 288 potassium than that of jelly fed to worker bee larvae [3] . The same study also reported levels of 289 potassium in royal jelly at 3 to 4 times the level of sodium. In the context of the present study, 290 potassium levels in royal and worker jelly likely modulate HDAC activity and levels of gene expression. In the present study, the K i was determined to be 5.32 mM confirming our 293 expectation of 10-HDA as a weak competitive inhibitor of HDAC3:NCOR2. Royal jelly is composed of 2-294 5% 10-HDA and is therefore a compelling potential epigenetic regulation factor as previously proposed 295 [8] . Though the IC50 and K i are high, the concentration of 10-HDA present in royal jelly is approximately 296 100mM (at a minimum). A level significantly higher than in worker jelly [3] . Also, the developing queen 297 is fed royal jelly throughout her life providing further support for its role in differentiation and 298 maintenance of health and longevity of the queen.
299
Conclusions 300 HDAC3:NCOR2 is regulated by zinc, potassium, 10-HDA, availability of NCOR1 and NCOR2 as well 301 as inositol phosphates which function in HDAC3:NCOR complex formation [28, 47, 48] . We propose a 302 strong link between queen-worker differentiation, oxidative stress, longevity and dietary levels of zinc, 303 iron, and potassium during the developmental stages and throughout the adult life of Apis mellifera 304 based on the modulation of histone deacetylase activity by these chemical species. Based on the 305 complex regulation of HDACs alone, it is unlikely that a single queen determining factor exists but 306 consists of multiple factors that are temporally and behaviorally dependent to include but not limited to 307 the concentrations of zinc, potassium, and iron in some complex regulatory mechanism of modulating 308 vitellogenin and juvenile hormone titer. The possible epigenetic mechanism by which vitellogenin and 309 juvenile hormone expression is controlled requires further exploration. The present study proposes the 310 potential important epigenetic roles of metals present at varying levels in royal and worker jelly leading 311 to plasticity in caste differentiation and behavior. 
